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Os isópodos terrestres possuem uma cutícula protetora que mantém a forma corporal, 
permite locomoção e comunicação com o ambiente e protege contra dessecação, infecção e 
predação. Assim como nos demais crustáceos, a cutícula é composta por uma matriz 
orgânica que é mineralizada com cálcio. A cutícula é uma estrutura versátil que reflete 
adaptações ambientais e a ampla distribuição geográfica do grupo. Dessa forma, a 
ultraestrutura e a composição da cutícula variam entre espécies. Isópodos terrestres fazem 
mudas frequentes ao longo da vida para crescer e/ou renovar receptores de superfície, o 
que resulta em reabsorção e deposição cuticular constante. Esse grupo apresenta muda 
bifásica e deposição de placas de cálcio nos esternitos anteriores antes da ecdise como 
estratégia para reciclar o cálcio corporal. Estudos relacionados à cutícula nesse grupo 
contemplam a ultraestrutura, a composição e a deposição bem como o efeito de alguns 
fatores ambientais na muda. No entanto, poucos estudos exploram as ligações entre 
ecomorfologia e história de vida. Essa tese visa explorar diversos aspectos relacionados à 
cutícula e a muda de duas espécies neotropicais de isópodos terrestres. Atlantoscia 
floridana e Balloniscus glaber foram usados como modelo uma vez que são frequentemente 
encontrados nas mesmas localidades e diferem em tipo ecomorfológico e estratégias 
ambientais. No Capítulo I, foram exploradas as estruturas de superfície e a ultraestrutura da 
cutícula das duas espécies a fim de ver como as diferenças encontradas podem ser 
relacionadas à história de vida de cada espécie, utilizando técnicas de microscopia. As 
espécies diferiram em tipo e disposição das estruturas de superfície bem como em 
espessura e proporção de camadas da cutícula. De maneira geral, as diferenças das 
estruturas de superfície estão relacionadas à seleção de microhabitat e nicho ecológico. 
Características cuticulares ajudam a explicar o hábito endógeno de B. glaber e epígeo de A. 
floridana enquanto que as diferenças em ultraestrutura são relacionadas a estratégias 
comportamentais e tolerância ambiental. No Capítulo II, o efeito do cálcio alimentar no ciclo 
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de muda das espécies foi testado. Para isso, dieta experimental e análise estrutural da 
cutícula foram realizadas a fim de entender como diferentes concentrações de cálcio 
alimentar interferem na duração do ciclo de muda. Peculiaridades na ecdise em A. floridana 
refletem morfologia específica do animal. A duração da intramuda foi maior em B. glaber 
assim como a sobrevivência média nos tratamentos. A duração do ciclo de muda foi 
influenciada pela concentração de cálcio; uma tendência a menor duração do ciclo com o 
aumento da concentração de cálcio foi observada em B. glaber, enquanto em A. floridana a 
diferença encontrada foi apenas entre o controle sem cálcio e os demais tratamentos. Não 
houve efeito da dieta no grau de mineralização ou na ultraestrutura em B. glaber. 
Independentemente do tratamento, a maior taxa de mortalidade em laboratório parece estar 
relacionada com o próprio processo de ecdise, com mortalidade acumulada de 20% do 
início da ecdise até o início da pós-muda para ambas as espécies. No Capítulo III, a 
secreção da cutícula durante a pré- e pós-muda muda foi observada utilizando microscopia 
de transmissão. A deposição seguiu o padrão observado para outros isópodos. Entretanto, 
grânulos eletrondensos presentes no espaço ecdisial durante a pré-muda são 
provavelmente constituídos de cálcio, sugerindo a reciclagem de cálcio diretamente da 
cutícula velha para a nova no mesmo segmento. Esses grânulos são depositados nas 
escamas na nova epicutícula antes da ecdise, sugerindo a presença de cálcio na superfície 
cuticular das espécies. Além disso, regiões sem a ultraestrutura típica encontrada na pós-
muda indicam que há modificação na exocutícula após a ecdise uma vez que a expansão e 
endurecimento da nova cutícula apenas após a ecdise. De maneira geral, esse trabalho não 
apenas trouxe novas informações sobre a estrutura cuticular de duas espécies neotropicias, 
mas também contribuiu para esclarecer conexões entre ecomorfologia e requerimentos 
biológicos de isópodos terrestres.  
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Terrestrial isopods have a protective cuticle that maintains body shape, allows locomotion, 
enables communication with the environment and protects them against desiccation, 
infection and predation. As in all crustaceans, their cuticle is composed of an organic matrix 
that is mineralized with calcium. The cuticle is highly versatile reflecting adaptations to 
environmental conditions and large geographical distribution of this group. Therefore, cuticle 
ultrastructure and composition vary among species. Terrestrial isopods molt frequently 
throughout their lives in order to grow and/or renew surface receptors, resulting in constant 
cuticular resorption and deposition. In this group, this dynamics of cuticle formation is 
affected by the biphasic molt and by the calcium deposition on sternal deposits prior ecdysis, 
strategies to recycle body calcium. Studies related to cuticle on this group include 
ultrastructure, composition and deposition as well as effect of some environmental factors on 
molting. However, few studies explore connections of ecomorphology and life history of 
animals. This thesis aimed to explore various aspects of cuticle structure and molting using 
two Neotropical species of terrestrial isopods. Atlantoscia floridana and Balloniscus glaber 
were used as models since they are found in the same locations while differing in 
ecomorphology and behavioral strategies. In Chapter I, I explored the cuticle surface 
structures and ultrastructure of both species to see how their differences can be related to 
each species life history traits, using microscopy techniques. Species differed in surface 
structures type and disposition, as well as cuticle thickness and layer proportion. Overall, 
differences in surface structure are related to microhabitat selection and ecological niche. 
Cuticular features further explain the endogeic habit of B. glaber and epigeic habit of A. 
floridana, while differences in cuticle ultrastructure relate to behavioral strategies and 
environmental tolerance. Next, differences on molting cycle and environmental requirements 
were analyzed. In Chapter II, I tested the effects of dietary calcium on the molting cycle of 
both species. For that, artificial diet and structural analysis of the cuticle were used to 
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understand how different concentrations of dietary calcium interfere with molt cycle duration. 
Peculiarities were observed during ecdysis in A. floridana and reflect to specific morphology 
of the species. Intramolt duration was longer for B. glaber as well as overall survivorship in 
treatments. Cycle duration was influenced by calcium concentration; a trend of shorter molt 
cycle length with increasing calcium concentration was observed for B. glaber, while in A. 
floridana, only difference between control without calcium and other treatments was 
observed. Degree of mineralization and cuticle ultrastructure of B. glaber showed no 
difference between treatments. Regardless of treatment or species, higher mortality rate 
under lab conditions seems to be related to the process of ecdysis itself, with cumulative 
mortality of 20% from the beginning of ecdysis until the beginning of postmolt. In Chapter III, 
I used transmission electron microscopy to analyze cuticle secretion in both species during 
pre- and postmolt stages. Cuticle deposition during premolt followed the same pattern as 
other terrestrial isopods. Nonetheless, electron dense granules present on the ecdysial 
space during premolt are likely calcium granules, suggesting the recycling of calcium within 
the same segment. These granules are deposited on the scales of the new epicuticle prior 
ecdysis, suggesting the presence of calcium on the cuticular surface of both species. 
Moreover, regions without typical lamellate ultrastructure during postmolt indicate 
modification of the exocuticle after ecdysis since expansion and hardening must occur after 
ecdysis. Overall, this work not only added information on cuticular structure of two 
Neotropical species but also clarified connections between ecomorphology and biological 
requirements of terrestrial isopods. 
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Esta tese está estruturada em capítulos que correspondem aos artigos 
desenvolvidos independentemente, mas, que no conjunto, inter-relacionam-se e 
completam-se. Primeiramente é apresentada uma introdução geral sobre cutícula e 
muda em isópodos terrestres e os objetivos do trabalho. Todos os capítulos 
apresentam resultados comparativos entre as espécies Atlantoscia floridana e 
Balloniscus glaber e abordam, respectivamente, a estrutura da cutícula, o processo 
de ecdise e o efeito de cálcio alimentar no ciclo de muda e as mudanças 
ultraestruturais da cutícula na pré- e pós-muda. Ao final, são apresentadas as 
conclusões finais sobre os capítulos bem como perspectivas futuras para trabalhos 
na área. 
 
Capítulo I – Morphology, microhabitat selection and life-history traits of two 
sympatric woodlice (Crustacea: Isopoda: Oniscidea): a comparative analysis 
Neste capítulo são descritas as estruturas da superfície e a ultraestrutura da 
cutícula de duas espécies simpátricas de isópodos terrestres e discutidas as 
implicações dessas características ecomorfológicas na história de vida dos animais. 
As duas espécies apresentam diferenças cuticulares; as estruturas da superfície 
cuticular ajudam a explicar a seleção do micro-habitat de cada espécie enquanto a 
ultraestrutura da cutícula tem associação com a estratégia anti-predatória adotada 
por cada espécie bem como ajuda a explicar a diferença em tolerância a flutuações 
ambientais previamente observadas para cada espécie. 
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Capítulo II – Experimental evidence of dietary calcium influence on molt cycle and 
cuticular structure on woodlice (Crustacea, Isopoda, Oniscidea) 
Neste capítulo são utilizados experimentos para verificar o efeito do cálcio 
alimentar no ciclo de muda das duas espécies que possuem diferentes 
características cuticulares. Os resultados sugerem efeito do cálcio externo no ciclo 
de muda, sendo esse efeito mais pronunciado na espécie com cutícula mais 
espessa. Além disso, foi verificada uma alta mortalidade associada ao período 
correspondente à ecdise e ao início da pós-muda. Essa “falha na ecdise” foi relatada 
anteriormente em alguns trabalhos, mas dados brutos sobre essa mortalidade são 
escassos na literatura. 
 
Capítulo III – Ultrastructural changes in the cuticle of two terrestrial isopod species 
(Crustacea: Oniscidea) during pre- and postmolt 
Neste capítulo são descritos os processos de reabsorção e deposição da 
cutícula de duas espécies de isópodos terrestres. O estudo relata não só a 
sequência de eventos ultraestruturais antes da ecdise, mas também a ultraestrutura 
da cutícula após a ecdise (pós-muda). A discussão é focada nas estruturas 









Os isópodos terrestres (Crustacea: Isopoda: Oniscidea) são animais 
detritívoros de solo que estão envolvidos na ciclagem de nutrientes e na formação 
do solo. Eles contribuem direta e indiretamente nesses processos e a sua 
contribuição é afetada por fatores como o tamanho dos indivíduos, da população e a 
composição de espécies da assembleia (Quadros & Araujo 2008). Esse grupo 
consiste em aproximadamente 3600 espécies de tamanho pequeno a médio (1,2-
30mm) distribuídas por todo o mundo (Schmalfuss 2003). Eles são um dos grupos 
de macro-decompositores mais abundantes em diversas comunidades (Hassall & 
Dangerfield 1990, Zimmer 2002a)  
Os detritívoros podem apresentar preferência alimentar e diferenciada taxa 
de consumo de acordo com características das espécies vegetais disponíveis. Essa 
preferência é relacionada à senescência e ao estágio de decomposição (Wieser 
1984, Hassall et al. 1987, Van Wensem et al. 1993, Yeates & Barmuta 1999, Wood et 
al. 2012), à quantidade de substâncias deterrentes (Cameron & LaPoint 1978, 
Hassall & Rushton 1984, Targett et al. 1986, Sousa et al. 1998, Canhoto & Graça 
1999, Lambdon & Hassall 2005, Wood et al. 2012), à colonização microbiana 
(Gunnarsson & Tunlid 1986, Kautz et al. 2000, Zimmer et al. 2003, Ihnen & Zimmer 
2008) e à disponibilidade de nutrientes importantes (Dudgeon et al. 1990, Graça et 
al. 2001, Quadros et al. 2014). A colonização microbiana aumenta a atratividade de 
fontes de alimento para os isópodos, especialmente os de “baixa qualidade” (Ihnen 
& Zimmer 2008). Quando dada a escolha, os isópodos terrestres consomem folhas 
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de diferentes espécies mantendo uma dieta mista (Wieser 1984) a fim de suprir suas 
demandas nutricionais, consumindo determinadas folhas pelo seu conteúdo de 
cobre ou de cálcio, outras para satisfazer suas demandas energéticas enquanto 
evitam a ingestão excessiva de elementos possivelmente tóxicos (Dudgeon et al. 
1990). 
Os isópodos terrestres contribuem nos processos de decomposição 
degradando parcialmente a serapiheira e promovendo a atividade microbiana 
(Zimmer 2002b). Suas contribuições são indiretas e diretas uma vez que as fezes 
produzidas são muito mais decompostas que o alimento original. As suas fezes 
apresentam uma maior superfície de contato e são prontamente colonizados por 
populações microbianas (Hassall et al. 1987). Essa contribuição indireta para a 
decomposição da serapilheira por retornar grande quantidade de matéria na forma 
de fezes (Quadros & Araujo 2008) contribui para a formação do húmus do solo e 
para o crescimento de florestas (Knoeppay et al. 2000). Tradicionalmente, animais 
detritívoros eram pensados como possuindo baixa eficiência de assimilação 
(Szlávecz & Pobozsny 1995). No entando, recentemente, uma revisão de estudos 
experimentais sobre detritívoros de solo indicou que esses macroartrópodos 
produzem impactos diretos na mineralização de carbono (David 2014). 
 
Morfologia geral e tipos ecomorfológicos 
Os isópodos terrestres são animais segmentados e com um exoesqueleto 
rígido. Eles apresentam três grupos de segmentos: cefalotórax, pereion (ou tórax) e 
pleon (ou abdômem). Cada segmento do pereon (sete segmentos) e do pleon (cinco 
segmentos + pleotelson) consiste em um tergito (placa dorsal) e um esternito (placa 
ventral) (Sutton 1972) (Fig. 1). 
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Os isópodos terrestres podem ser classificados em grupos ecomorfológicos 
(Schmalfuss 1984) de acordo com as suas características morfológicas, as quais 
são correlacionadas com estratégias ecológicas e padrões comportamentais (Fig. 2). 
Segundo Schmalfuss (1984) a maioria das espécies de isópodos terrestres pode ser 
enquadrada em uma das cinco categorias funcionais, exceto os não-conformistas:  
 Corredores ou “runners”: tipicamente possuem corpo estreito, pereópodos 
longos e tergito liso. Essas espécies correm para evitar predadores. 
 Aderentes ou “clingers”: possuem geralmente tergitos mais largos que os 
corredores e margem posterior do primeiro epímero côncava (geralmente 
convexa nas espécies corredoras). Espécies desse grupo geralmente possuem 
pereópodos mais curtos e apresentam tubérculos ou outros ornamentos na 
superfície do tergito. Esses animais geralmente permanecem imóveis e aderidos 
ao substrato quando descobertos. 
 Roladores ou “rollers”: possuem sessão sagital semicircular e capacidade 
volvacional, com tergitos lisos e se fecham em uma bola para proteger a 
superfície ventral de predadores. 
 Intersticiais ou “creepers”: espécies pequenas (comprimento máximo de 5 mm 
de comprimento) com costelas longitudinais nos tergitos e pereópodos 
relativamente curtos. Essas espécies habitam buracos no insterstício e estão 
adaptadas a micro-habitats permanentemente úmidos 
 Espinhosos ou “spiny”: esse grupo é caracterizado pela presença de espinhos 
e protuberâncias conspícuas na superfície dorsal. Todas as espécies desse 
grupo possuem capacidade volvacional. 
Além de características morfológicas macroscópicas, características como a 
espessura e aspecto geral da cutícula que reveste o corpo dos animais também está 
Introdução geral 
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associada a essas categorias. Espécies com capacidade volvacional como 
Armadillidium vulgare (Latreille, 1804) apresentam, tipicamente, uma cutícula muito 
espessa e altamente mineralizada. A superfície dorsal é lisa e sem ornamentações, 
o que dificulta a manipulação e abertura do animal pelo predador. Espécies como 
Porcellio scaber Latreille, 1804 que são aderentes e/ou corredores apresentam uma 
cutícula mais fina do que as espécies com capacidade volvacional. As espécies 
corredoras possuem cutícula mais fina, menos mineralizada e mais flexível que 
espécies de roladores e aderentes (Becker et al. 2005, Hild et al. 2008, Luquet 
2012). 
 
Cutícula: estrutura e função 
Os artrópodos possuem uma cutícula protetora que sustenta e mantém a 
forma corporal. A cutícula é uma estrutura extremamente versátil que reflete as 
adaptações ambientais e a versatilidade ecológica desses animais (Moussian 2013). 
Além da proteção e da sustentação do corpo, a cutícula possui uma série de funções 
como proteção contra dessecação e contra predadores de mesma escala, bem 
como a comunicação com o meio externo (Seidl et al. 2011, Neues et al. 2011, 
Luquet 2012, Vittori et al. 2012a, Moussian 2013). 
A cutícula apresenta diferente ultraestrutura em distintos grupos e partes do 
corpo. Assim como na maior parte dos crustáceos, a cutícula dos isópodos é 
composta de quatro camadas: epicutícula, exocutícula, endocutícula e camada 
membranosa (Travis 1955, Csonka et al. 2013). Abaixo dessa matriz está a 
epiderme que secreta a cutícula (Fig. 3). As mesmas camadas básicas são 
encontradas nas cutículas de Hexapoda e de Pancrustacea não-hexapoda; porém, a 
nomenclatura difere, mas é bem estabelecida para cada grupo (Roer et al. 2015).  
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A cutícula dos crustáceos consiste em uma porção orgânica composta de 
fibras de quitina-proteína que são esclerotizadas (i.e. ligação de proteína-proteína e 
proteína-polissacarídeo) e em uma porção mineral. Na porção orgânica, as fibras de 
quitina são depositadas em disposição helicoidal sem a presença camadas com 
deposição preferencial como ocorre em Hexapoda. A porção mineral é constituída 
principalmente por carbonato de cálcio cristalino (na forma de calcita) e carbonato de 
cálcio amorfo (“amorphous calcium carbonate - ACC”) (Becker et al. 2005). Na 
cutícula completa e calcificada, a endocutícula é muito mais espessa que a 
exocutícula. A exocutícula é constituída principalmente por calcita enquanto a 
endocutícula é composta principalmente de ACC (Hild et al. 2008, Matsko et al. 
2011). No total, sete níveis de organização são identificados na cutícula de 
crustáceos (Fig. 4) que vão desde a polimerização de N-acetil-glucosamina (nível I) 
até a deposição de carbonato de cálcio ao redor das nanofibras de quitina-proteína 
(nível VII) (Luquet 2012). 
 
Ecdise e ciclo de muda 
Para crescer, os isópodos terrestres realizam mudas periódicas uma vez que 
o exoesqueleto rígido impede o crescimento contínuo. A duração do ciclo de muda 
está associada com diversos fatores, como temperatura do ambiente (Steel 1980), 
estágio de desenvolvimento e período reprodutivo (Lawlor 1976a). Em baixas 
temperaturas ocorre uma diminuição da frequência da muda ou até uma anecdise 
temporária (5°-10°C em Oniscus asellus Linnaeus, 1758) (Steel 1980).  
Os isópodos terrestres apresentam estratégias para reciclagem do cálcio da 
cutícula uma vez que nesse ambiente a absorção desse elemento não pode ser feita 
da água como em ambientes marinhos. Uma dessas estratégias é a muda bifásica 
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(Heeley 1941, Messner 1965, Steel 1982). Os isópodos terrestres realizam 
primeiramente a muda da região posterior e após, a muda da região anterior, com 
divisão entre o quarto e o quinto pereonito (Zidar et al. 1998). Esse processo 
possibilita uma menor perda de CaCO3 (Greenaway 1985, Steel 1993, Ziegler et al. 
2007). Além da muda bifásica, os isópodos reabsorvem parte do cálcio cuticular 
durante a pré-muda e desenvolvem depósitos de cálcio nos esternitos anteriores 
(Ziegler 1994, 1997, Štrus & Compère 1996, Neues et al. 2011, Vittori et al. 2012a) 
(Fig. 5).  
Quantidades consideráveis de CaCO3 são reabsorvidas da cutícula velha a 
cada ciclo de muda devido à alta solubilidade do ACC (Becker et al. 2005, Neues et 
al. 2011). Os íons de carbonato de cálcio e de hidrogênio podem ser rapidamente 
mobilizados, facilitando a reabsorção destes através do epitélio do integumento. A 
porção cristalina (calcita) é menos solúvel e é eliminada com a exúvia (Wood & 
Russell 1987, Becker et al. 2005, Štrus et al. 2008). 
Após a perda da exúvia, os animais precisam mineralizar a sua nova cutícula 
e a mineralização da parte posterior do corpo é acompanhada da reabsorção de 
mineral da parte anterior do corpo. Isso sugere que os animais utilizam o ACC na 
mineralização da cutícula para facilitar a reabsorção e a reciclagem do carbonato de 
cálcio cuticular. A forma amorfa do CaCO3 precede a formação de calcita na camada 
distal da cutícula do tergito (Hild et al. 2008). 
Devido à reabsorção de minerais, a exúvia perdida na intramuda tem menor 
quantidade de carbonato de cálcio, de material orgânico e espessura que a cutícula 
da pré-muda inicial (Neues et al. 2011). Ainda assim, parte do cálcio é perdida com a 
exúvia (Ziegler & Miller 1997). Fontes de cálcio para mineralização da nova cutícula 
incluem a hemolinfa (Steel 1993), a cutícula da parte posterior do corpo (Becker et 
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Estudos relacionados à muda de isópodos terrestres incluem a frequência da 
muda (Lawlor 1976b, Steel 1980, Vittori et al. 2012a), a formação e a estrutura dos 
depósitos e corpos de cálcio (Wood & Russell 1987, Ziegler 1994, Ziegler & Miller 
1997, Vittori et al. 2012b, a), a ultraestrutura da cutícula (Štrus & Compère 1996, 
Ziegler 1997, Vittori et al. 2012a, Vittori & Štrus 2014) e a quantidade e a distribuição 
de minerais em diferentes espécies e estágios da muda (Becker et al. 2005, Hild et 
al. 2008, Neues et al. 2011). Algumas conexões foram estabelecidas entre 
características cuticulares e a biologia das espécies: a composição mineral da 
cutícula foi relacionada ao grupo ecomorfológico (Becker et al. 2005) e 
características ultraestruturais e deposição da cutícula com o ambiente de superfície 
e subterrâneo (Vittori et al. 2017). No entanto, ainda há uma carência de estudos 
que relacionem características ecomorfológicas com tolerância ambiental, 
distribuição geográfica e história de vida dos isópodos terrestres (Hornung 2011). 
Quanto aos fatores ambientais, pouco se sabe sobre a interferência deles no 
ciclo de muda dos isópodos, além dos efeitos da temperatura e do fotoperíodo. 
Espera-se que os animais necessitem de cálcio do meio externo para mineralizar a 
nova cutícula com mesma espessura e grau de mineralização. No entanto, não se 
sabe de que maneira a quantidade de cálcio disponível na fonte alimentar afeta a 











Esse estudo objetivou descrever a ultraestrutura da cutícula na intermuda e 
durante o processo da muda e compreender como fontes de alimento com diferentes 
concentrações de cálcio interferem no ciclo de muda e no crescimento de duas 
espécies simpátricas de isópodos terrestres de diferentes tipos ecomorfológicos 
(corredor e aderente). Para isso, foram usadas as espécies Atlantoscia floridana 
(Van Name, 1940) e Balloniscus glaber Araujo e Zardo, 1995 uma vez que essas são 
facilmente coletadas e cujas histórias de vida são bastante conhecidas. 
Objetivos específicos: 
1) analisar e descrever a ultraestrutura e estruturas da superfície da cutícula 
de duas espécies de diferentes grupos ecomorfológicos, utilizando métodos de 
microscopia óptica e eletrônica; 
2) relacionar as características cuticulares com a história de vida das duas 
espécies; 
3) caracterizar e comparar o ciclo de muda e a taxa de crescimento de 
acordo com as diferentes concentrações de cálcio da fonte alimentar das duas 
espécies, utilizando experimentos de laboratório com dieta experimental; 
4) identificar a composição e o grau de mineralização da cutícula de 
isópodos submetidos a tratamentos com diferentes concentrações de cálcio 
alimentar, utilizando análise elementar; 
5) descrever e analisar aspectos ultraestruturais relacionados a reabsorção, 






 Para esse estudo, duas espécies de isópodos terrestres foram usadas: 
Atlantoscia floridana e Balloniscus glaber. Ambas as espécies são abundantes em 
diversas localidades do Rio Grande do Sul (Lopes et al. 2005, Quadros & Araujo 
2008, Kenne & Araujo 2015), facilitando a coleta para manutenção em laboratório. 
Diversos aspectos morfológicos e ecológicos como história de vida, dinâmica 
populacional, curva de crescimento, estratégias reprodutivas e nutrição foram 
estudadas em ambas a espécies (Araujo et al. 2004a, b, Araujo & Bond-Buckup 
2004, 2005, Lopes et al. 2005, Meinhardt et al. 2007, Quadros et al. 2009, 2012, 






Figura 1. Morfologia geral de um isópodo terrestre mostrando as características 
externas mais importantes. A) Visão dorsal. B) Detalhe do urópodo. C) Visão ventral. 









Figura 2. Tipos eco-morfológicos de isópodos terrestres que são relacionados às 











Figura 3. Ultraestrutura da cutícula e epiderme de pancrustacea durante diversas 
fases do ciclo de muda. A nomenclatura utilizada em pancrustacea está assinalada 
na figura A e a de hexapoda na figura F. A) Camadas observadas na intermuda. B) O 
começo da pré-muda é marcado pela apólise (separação da cutícula e epiderme) e 
seguido do começo da deposição da nova epicutícula e absorção da endocutícula 
velha. C) Na pré-muda tardia há deposição da nova exocutícula enquanto a 
enducutícula velha continua sendo absorvida. D-E) Após a ecdise, a nova 
endocutícula começa a ser secretada pela epiderme e continua até o final da 








Figura 4. Níveis hierárquicos da organização da cutícula de um crustáceo. Os níveis 
I a VII representam o modelo geral de formação da matriz da cutícula. Nível I: 
polimerização de N-acetil-glucosamina. Nível II: formação de cadeias de α-quitina. 
Nível III: formação de nanofibras de quitina associada a proteínas. Nível IV: 
formação da matriz mineral-protéica com fibras de quitina-proteína (em Homarus 
americanos esse nível não é observado). Nível V: nanofibras de quitina-proteína em 
disposição de colmeia; matriz mineralizada. Nível VI: disposição helicoidal de fibras 







Figura 5.  Apresentação esquemática do movimento de íons de cálcio durante o 
ciclo de muda (a) e da morfologia geral da cutícula (b) do isópodo Porcellio scaber 
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The soil is a heterogeneous habitat with layers that differ in many aspects. Soil 
animals’ morphological adaptations relate to specific microhabitat. We compared 
cuticle surface structures and ultrastructure of Balloniscus glaber (endogeic) and 
Atlantoscia floridana (epigeic) using microscopy techniques to understand how 
morphological characteristics allow sympatry. Species differed in scale and sensillum 
type and disposition, as well as cuticle thickness and layer proportion. Balloniscus 
glaber has curved scales and robust, caudally oriented sensilla that are most likely 
adaptive features for endogeic lifestyle. Its cuticle has high overall thickness and 
numerous stacks that provide toughness compatible with clinging strategy and higher 
tolerance to seasonal fluctuation. Atlantoscia floridana is an epigeic species with flat 
scales and long perpendicular sensilla, not adapted to the soil layer. Its delicate and 
flexible cuticle with thinner stacks makes it an agile runner although with lower 
tolerance to seasonal changes. Overall, differences in surface structure are related to 
microhabitat selection and ecological niche, so species can occur in same location. 
Differences in cuticle ultrastructure relate to behavioral strategies and environmental 
tolerance. This way, knowledge of species’ ecology is complemented by 
morphological data that can help to explain habitat partition. 
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Abstract.  
Terrestrial isopods molt frequently throughout their lives in order to grow and/or 
renew surface receptors. The molting cycle in terrestrial isopods can be affected by 
external and internal factors and involves strategies to recycle body calcium such as 
biphasic molting. We used experimental units with artificial diet and structural 
analysis of the cuticle to understand how calcium-deficient and calcium-rich food 
sources interfere with the molt cycle of two species with different cuticular 
characteristics. Peculiarities such as lateral stretching of the antennae were observed 
during ecdysis of Atlantoscia floridana and might relate to specific morphology of the 
species. Intramolt duration was longer for Balloniscus glaber as well as overall 
survivorship in treatments. Cycle duration was influenced by calcium concentration. A 
trend of shorter molt cycle was observed with increasing calcium concentration for B. 
glaber while in A. floridana only difference between control and treatments was 
observed. Degree of mineralization of B. glaber showed negligible difference 
between treatments. Regardless of treatment and species, higher mortality rate 
under lab conditions seems to be related to the process of ecdysis itself with 
cumulative mortality of 20% from the beginning of posterior ecdysis until the 
beginning of postmolt period. 
 
Key words: cuticle, ecdysial failure, experimental diet, exuviae, elemental 
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Terrestrial isopods molt frequently throughout their lives and therefore they 
permanently degrade and renew their cuticle. This dynamics of resorption and 
deposition is affected by the biphasic molt and calcium deposition on sternal deposits 
prior ecdysis in terrestrial isopods. Analysis of cuticle deposition in Atlantoscia 
floridana and Balloniscus glaber during pre- and postmolt stages was done by 
transmission electron microscopy. Although A. floridana and B. glaber differ in overall 
cuticle structure, cuticle deposition during premolt in both species is similar as 
already described in other terrestrial isopod species. The new epicuticle in late 
premolt is very similar to the one in intermolt animals suggesting little or no 
postecdysial modifications of this layer. Electron dense granules observed in the 
ecdysial space during premolt suggest recycle calcium recycling. Based on 
morphology and size, these granules are possibly calcium granules further used for 
mineralization. Granules from the ecdysial space are deposited on the scales of the 
new epicuticle prior ecdysis, suggesting calcium impregnation on the epicuticle of 
these species. Anchoring junctions were observed in animals until late premolt since 
they need to expand the body during ecdysis. During postmolt, regions without 
typical lamellate cuticle indicate modification of the exocuticle after ecdysis since 
expansion and hardening must occur after ecdysis. 
 







 A cutícula dos artrópodos é uma estrutura versátil que está ligada com o 
sucesso ecológico do grupo em colonizar diferentes ambientes terrestres e 
aquáticos. Além disso, a mesma é usada como inspiração para biopolímeros uma 
vez que as modificações estruturais observadas em diferentes espécies e partes do 
corpo possuem distintas propriedades mecânicas. 
 Os capítulos dessa tese abordaram as características estruturais da cutícula, 
a influência do cálcio alimentar no ciclo de muda e na mineralização e a dinâmica de 
reabsorção e deposição da cutícula de duas espécies neotropicais de isópodos 
terrestres. Os dados aqui apresentados ajudam a explicar relações entre as 
características ecomorfológicas e a história de vida (capítulo I), entre fonte de cálcio 
externa e ciclo de muda (capítulo II) e contribuiu com novas informações 
relacionadas à dinâmica de secreção cuticular no ciclo de muda (capítulo III). Entre 
os principais resultados e conclusões, esse estudo esclareceu os seguintes pontos: 
 
 a superfície dos tergitos de B. glaber apresenta escamas curvas que podem 
estar relacionadas com a diminuição da força de adesão da água na superfície 
do corpo 
 as sensilas de B. glaber são robustas e orientadas caudalmente, possibilitando o 
hábito endógio da espécie; 
 a ultraestrutura da cutícula de B. glaber com grande espessura total e número 
de lamelas sugere altas propriedades mecânicas que são condizentes com a 
estratégia anti-predatória de aderente. Essa característica cuticular também 
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pode estar associada a maior tolerância ambiental encontrada nessa espécie 
que possui menor flutuação populacional relacionada a variações sazonais; 
 as sensilas longas e perpendiculares a superfície do corpo encontradas em A. 
floridana impossibilitam o hábito endógio. No entanto, essa disposição pode 
favorecer o tempo de resposta anti-predatória uma vez que este prolongamento 
aumenta a superfície de percepção do ambiente; 
 a fileira de escama na margem posterior dos tergitos de A. floridana pode 
constituir em uma barreira física para prevenção de entrada de partículas 
indesejadas no espaço intersegmentar; 
 a ultraestrutura da cutícula de A. floridana com menor espessura total e número 
de lamenlas endocuticulares e fibras da exocutícula mais frouxas indica que a 
cutícula dessa espécie possui natureza leve, condizente com o hábito de 
corredora. Essa cutícula também pode estar relacionada a menor tolerância 
ambiental da espécie que é mais afetada por variações sazonais; 
 Atlantoscia floridana apresenta posturas específicas tais como sobreposição dos 
pereópodos 6 e 7 sobre os urópodos e alongamento lateral das antenas que 
possivelmente ajudam a exuviação e manutenção do equilíbrio durante a ecdise; 
 motivos ligados a falha ecdisial em A. floridana incluem começo da ecdise 
anterior antes de terminar a ecdise posterior, incapacidade de remover as 
antenas da exúvia ou desgrudá-las uma da outra ou do corpo que fica úmido 
pelo fluído ecdisial; 
 a ecdise posterior e anterior geralmente ocorre dentro de 24h para A. floridana e 
com um intervalo de 2 dias para B. glaber. Essa diferença pode estar 
relacionada à espessura total da cutícula e ao tempo de secreção das camadas 
cuticulares durante a intramuda; 
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 Atlantoscia floridana pode consumir a exúvia apenas na pós-muda enquanto B. 
glaber pode consumir a exúvia tanto na intra- e pós-muda. Essa diferença pode 
estar relacionada a duração do período de intramuda ou da mineralização da 
cutícula nessa fase; 
 a concentração de cálcio alimentar pode influenciar a duração do ciclo de muda 
e a sobrevivência de isópodos. O efeito do cálcio alimentar pode ser sido 
anteriormente subestimado devido ao uso de gesso em unidades experimentais 
que constituem uma fonte de cálcio externa para os animais; 
 Atlantoscia floridana é menos afetada do que B. glaber. Essa diferença pode ser 
devido ao menor requerimento de cálcio dessa espécie que possui uma cutícula 
mais fina e flexível; 
 há uma tendência a diminuição do ciclo de muda e aumento da sobrevivência 
em B. glaber com o aumento da concentração do cálcio alimentar. O cálcio 
alimentar pode ser mais importante para o acúmulo de cálcio na pré-muda do 
que na mineralização na pós-muda; 
 ecdise sem crescimento notável sugere que existam outros fatores além do 
crescimento tais como a renovação de estruturas da superfície, e que o 
ambiente externo pode interferir com a frequência da ecdise; 
  o grau de mineralização da cutícula de B. glaber não foi afetado pela 
concentração de cálcio alimentar. O cálcio está presente na exocutícula e 
endocutícula bem como impregnado na superfície embora não esteja presente 
na epicutícula ou na camada membranosa. 
 elevadas taxas de mortalidade em condições de laboratório indicam relação com 
a fase da ecdise. Uma mortalidade acumulada de 20% dos indivíduos de ambas 
as espécies foi registrada entre o início da ecdise posterior e final da ecdise 
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anterior/início da pós-muda. Essa taxa de falha ecdisial pode ser similar em 
campo; 
 a sequência de secreção e absorção da cutícula nas duas espécies é 
semelhante apesar das diferenças ultraestruturais encontradas na cutícula 
madura; 
 grânulos provenientes da cutícula velha são armazenados no espaço ecdial 
durante a pré-muda e/ou depositados na superfície das escamas da epicutícula 
nova. Esses grânulos possuem morfologia semelhante aos grânulos de cálcio 
acumulados no espaço ecdisial em Ligia italica sugerindo que parte do cálcio 
seja reciclado diretamente da cutícula velha para a nova antes da ecdise; 
 regiões pouco estruturadas na cutícula de B. glaber  na pós-muda podem estar 
relacionados a reorganização estrutural em algumas partes da cutícula devido a 
expansão do tergitos durante o processo de ecdise. 
  
Apesar do presente estudo esclarecer algumas questões, várias outras 
perguntas surgiram deste trabalho que podem ser futuramente estudadas. Como 
são as propriedades mecânicas da cutícula nos animais vivos? Qual a função dos 
diferentes tipos de sensila? Como as escamas de B. glaber podem ajudar a reduzir 
as forças adesivas da água? Que outras peculiaridades no processo de ecdise estão 
associadas à morfologia específica? A duração da intramuda está relacionada à 
deposição da cutícula nova? Por que os animais consumem a exúvia em momentos 
diferentes? Que gatilhos estão envolvidos na indução da muda? Pode a quebra de 
um grande número de receptores externos ser um dos gatilhos? A mortalidade 
relacionada à falha na ecdise em condições naturais é similar a encontrada em 
condições de laboratório? Quais os atributos relacionados a sítio ecdisial para 
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isópodos terrestres? Os animais competem por sítios ecdisiais? Como o espaço 
ecdisial possibilita que ocorra ao mesmo tempo a absorção da cutícula velha e 
deposição da cutícula nova? Como é feito o transporte de diferentes constituintes da 
cutícula durante a síntese? Além disso, diversas lâminas histológicas e micrografias 
de transmissão (como a figura a seguir) obtidas nesse trabalho ainda estão sendo 
analisadas, e talvez algumas delas ajudem a esclarecer outros pontos que ainda não 
foram abordados. 
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This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive citations 
and discussion of published literature. 
Conclusions 
The main conclusions of the study may be presented in a short Conclusions section, which 
may stand alone or form a subsection of a Discussion or Results and Discussion section. 
 
Appendices 
If there is more than one appendix, they should be identified as A, B, etc. Formulae and 
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a 
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. 
A.1, etc. 
 
Essential title page information 
• Title. Concise and informative. Titles are often used in information-retrieval 
systems. Avoid abbreviations and formulae where possible. 
• Author names and affiliations. Please clearly indicate the given name(s) and 
family name(s) of each author and check that all names are accurately spelled. 
Present the authors' affiliation addresses (where the actual work was done) below the 
names. Indicate all affiliations with a lower- case superscript letter immediately after the 
author's name and in front of the appropriate address. Provide the full postal address of 
each affiliation, including the country name and, if available, the e-mail address of each 
author. 
• Corresponding author. Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication. Ensure that the e-mail address is 
given and that contact details are kept up to date by the corresponding author. 
• Present/permanent address. If an author has moved since the work described in the 
article was done, or was visiting at the time, a 'Present address' (or 'Permanent address') 
may be indicated as a footnote to that author's name. The address at which the author 
actually did the work must be retained as the main, affiliation address. Superscript Arabic 
numerals are used for such footnotes. 
 
Abstract 
A concise and factual abstract is required. The abstract should state briefly the 
purpose of the research, the principal results and major conclusions. An abstract is often 
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presented separately from the article, so it must be able to stand alone. For this reason, 
References should be avoided, but if essential, then cite the author(s) and year(s). Also, 
non-standard or uncommon abbreviations should be avoided, but if essential they must be 
defined at their first mention in the abstract itself. 
 
Highlights 
Highlights are a short collection of bullet points that convey the core findings of the article. 
Highlights are optional and should be submitted in a separate editable file in the online 
submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet 
points (maximum 85 characters, including spaces, per bullet point). You can view 
example Highlights on our information site. 
 
Keywords 
Immediately after the abstract, provide a maximum of 6 keywords, using American 
spelling and avoiding general and plural terms and multiple concepts (avoid, for example, 
'and', 'of'). Be sparing with abbreviations: only abbreviations firmly established in the field 
may be eligible. These keywords will be used for indexing purposes. 
 
Abbreviations 
Define abbreviations that are not standard in this field in a footnote to be placed on the 
first page of the article. Such abbreviations that are unavoidable in the abstract must be 
defined at their first mention there, as well as in the footnote. Ensure consistency of 
abbreviations throughout the article. 
 
Acknowledgements 
Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to the title 
or otherwise. List here those individuals who provided help during the research (e.g., 
providing language help, writing assistance or proof reading the article, etc.). 
 
Formatting of funding sources 
List funding sources in this standard way to facilitate compliance to funder's 
requirements: 
 
Funding: This work was supported by the National Institutes of Health [grant numbers 
xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the 
United States Institutes of Peace [grant number aaaa].  
It is not necessary to include detailed descriptions on the program or type of grants and 
awards. When funding is from a block grant or other resources available to a university, 
college, or other research institution, submit the name of the institute or organization 
that provided the funding. 
 
If no funding has been provided for the research, please include the following sentence: 
 
This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
 
Units 
Follow internationally accepted rules and conventions: use the international system of 
units (SI). If other units are mentioned, please give their equivalent in SI. 
 
It is possible to include a link into the text to the database Morph-D-Base. 
 
Math formulae 
Please submit math equations as editable text and not as images. Present simple 
formulae in line with normal text where possible and use the solidus (/) instead of a 
horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to be 
presented in italics. Powers of e are often more conveniently denoted by exp. Number 
consecutively any equations that have to be displayed separately from the text (if 
referred to explicitly in the text). 
 




Footnotes should be used sparingly. Number them consecutively throughout the article. 
Many word processors can build footnotes into the text, and this feature may be used. 
Otherwise, please indicate the position of footnotes in the text and list the footnotes 
themselves separately at the end of the article. Do not include footnotes in the Reference 
list. 
 
Artwork Electronic artwork General points 
• Make sure you use uniform lettering and sizing of your original artwork. 
• Embed the used fonts if the application provides that option. 
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, 
Symbol, or use fonts that look similar. 
• Number the illustrations according to their sequence in the text. 
• Use a logical naming convention for your artwork files. 
• Provide captions to illustrations separately. 
• Size the illustrations close to the desired dimensions of the published version. 
• Submit each illustration as a separate file. 
A detailed guide on electronic artwork is available. 
You are urged to visit this site; some excerpts from the detailed information are 
given here. 
Formats 
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, 
Excel) then please supply 'as is' in the native document format. 
Regardless of the application used other than Microsoft Office, when your electronic 
artwork is finalized, please 'Save as' or convert the images to one of the following 
formats (note the resolution requirements for line drawings, halftones, and line/halftone 
combinations given below): 
EPS (or PDF): Vector drawings, embed all used fonts. 
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 
dpi. 
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 
1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), 
keep to a minimum of 
500 dpi. 
Please do not: 
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these 
typically have a low number of pixels and limited set of colors; 
• Supply files that are too low in resolution; 
• Submit graphics that are disproportionately large for the content. 
 
Files for full colour images must be in a RGB colour space for online publication (e.g. at 
ScienceDirect). Usually, the RGB fi les will be converted to the CMYK color space during the 
printing process. Elsevier recommends that only TIFF, EPS or PDF formats are used for 
electronic artwork. MS Office fi les (Word, Excel and Power Point) are also accepted. 
Journal quality reproduction will require grayscale and colour fi les at resolutions yielding 
approximately 300 dpi at final size. Bitmap line art should be submitted at resolutions 
yielding 600–1200 dpi at fi nal size. These resolutions refer to the output size of the fi 
le; if you anticipate that your images will be enlarged or reduced, resolutions should be 
adjusted accordingly. For further information on the preparation of electronic artwork, 
please see http://www.elsevier.com/artworkinstructions. If a figure contains more than 
one illustration/ micrograph/photo, the single items have to be neatly arranged in a 
panel. Please process SEM/TEM micrographs and do not use raw negatives/electronic fi 
les. To clearly identify each illustration of the figure panel, use neat and uniform upper 
case letters A, B, C etc., scaled to 4–6 mm after reduction. Always indicate the absolute 
size by a scale bar with the length stated either directly above the scale bar or in the 
respective figure caption. Do not use magnifications. All Figures should be consecutively 
numbered and clearly identifiable with a unique fi le name (author-fig. x is 
recommended) when uploaded to EES. For Short communications and Opinions a 
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maximum of two small illustrations/tables is possible. They should fit into one column of a 
single page. 3D PDFs could be published at the journal ZOOLOGISCHER ANZEIGER. 
 
Color artwork 
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS 
(or PDF), or MS Office files) and with the correct resolution. If, together with your 
accepted article, you submit usable color figures then Elsevier will ensure, at no 
additional charge, that these figures will appear in color online (e.g., ScienceDirect and 
other sites) regardless of whether or not these illustrations are reproduced in color in 
the printed version. For color reproduction in print, you will receive information 
regarding the costs from Elsevier after receipt of your accepted article. Please 
indicate your preference for color: in print or online only. Further information on the 
preparation of electronic artwork. 
 
Illustration services 
Elsevier's WebShop offers Illustration Services to authors preparing to submit a 
manuscript but concerned about the quality of the images accompanying their article. 
Elsevier's expert illustrators can produce scientific, technical and medical-style images, 
as well as a full range of charts, tables and graphs. Image 'polishing' is also available, 
where our illustrators take your image(s) and improve them to a professional standard. 
Please visit the website to find out more. 
 
Figure captions 
Ensure that each illustration has a caption. Supply captions separately, not attached to 
the figure. A caption should comprise a brief title (not on the figure itself) and a description 
of the illustration. Keep text in the illustrations themselves to a minimum but explain all 
symbols and abbreviations used. 
 
Figure captions should be typed on separate page(s) following the References section of 
the manuscript text. They should be concise and aid with the interpretation of each figure 
and should be formatted as follows: “Fig. 1. SEM micrographs of Amphithyris hallettensis. 
(A) Dorsal valve interior showing median septum (ms). (B) Ventral valve interior with 
punctae. Abbreviations: ca, capillae; p, punctae. Scale bars: A = 200 µm; B = 150 µm.” 
Abbreviations used to highlight figure details should be explained either in the figure 
caption (as for “median septum” in the example) or in a list at the end of a caption (as 
for “capillae” and “punctae”). 
 
Tables 
Please submit tables as editable text and not as images. Tables can be placed either next 
to the relevant text in the article, or on separate page(s) at the end. Number tables 
consecutively in accordance with their appearance in the text and place any table notes 
below the table body. Be sparing in the use of tables and ensure that the data presented 
in them do not duplicate results described elsewhere in the article. Please avoid using 
vertical rules and shading in table cells. 
 
References 
Citation in text 
Please ensure that every reference cited in the text is also present in the reference list 
(and vice versa). Any references cited in the abstract must be given in full. Unpublished 
results and personal communications are not recommended in the reference list, but may 
be mentioned in the text. If these references are included in the reference list they should 
follow the standard reference style of the journal and should include a substitution of the 
publication date with either 'Unpublished results' or 'Personal communication'. Citation of 
a reference as 'in press' implies that the item has been accepted for publication. 
 
Reference links 
Increased discoverability of research and high quality peer review are ensured by 
online links to the sources cited. In order to allow us to create links to abstracting and 
indexing services, such as Scopus, CrossRef and PubMed, please ensure that data 
provided in the references are correct. Please note that incorrect surnames, journal/book 
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titles, publication year and pagination may prevent link creation. When copying 
references, please be careful as they may already contain errors. Use of the DOI is 
encouraged. 
 
A DOI can be used to cite and link to electronic articles where an article is in-press and 
full citation details are not yet known, but the article is available online. A DOI is 
guaranteed never to change, so you can use it as a permanent link to any electronic 
article. An example of a citation using DOI for an article not yet in an issue is: VanDecar 
J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of 
the Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical 
Research, http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such 
citations should be in the same style as all other references in the paper. 
 
Web references 
As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a 
source publication, etc.), should also be given. Web references can be listed separately 
(e.g., after the reference list) under a different heading if desired, or can be included in 
the reference list. 
 
Data references 
This journal encourages you to cite underlying or relevant datasets in your manuscript by 
citing them in your text and including a data reference in your Reference List. Data 
references should include the following elements: author name(s), dataset title, data 
repository, version (where available), year, and global persistent identifier. Add [dataset] 
immediately before the reference so we can properly identify it as a data reference. The 
[dataset] identifier will not appear in your published article. 
 
References in a special issue 
Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue. 
 
Reference management software 
Most Elsevier journals have their reference template available in many of the most popular 
reference management software products. These include all products that support 
Citation Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using 
the word processor plug-ins from these products, authors only need to select the 
appropriate journal template when preparing their article, after which citations and 
bibliographies will be automatically formatted in the journal's style. If no template is yet 
available for this journal, please follow the format of the sample references and citations 
as shown in this Guide. 
 
Users of Mendeley Desktop can easily install the reference style for this journal by clicking 
the following link: 
http://open.mendeley.com/use-citation-style/zoologischer-anzeiger-a-journal-of-
comparative-zoology When preparing your manuscript, you will then be able to select this 




Text: All citations in the text should refer to: 
1. Single author: the author's name (without initials, unless there is ambiguity) and the 
year of publication; 
2. Two authors: both authors' names and the year of publication; 
3. Three or more authors: first author's name followed by 'et al.' and the year of 
publication. Citations may be made directly (or parenthetically). Groups of references 
should be listed first alphabetically, then chronologically. 
Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999). 
Kramer et al. (2010) have recently shown ....' 
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List: References should be arranged first alphabetically and then further sorted 
chronologically if necessary. More than one reference from the same author(s) in the 
same year must be identified by the letters 'a', 'b', 'c', etc., placed after the year of 
publication. 
Examples: 
Reference to a journal publication: 
Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific 
article. J. Sci. Commun. 163, 51–59. 
Reference to a book: 
Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York. 
Reference to a chapter in an edited book: 
Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: 
Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New 
York, pp. 281–304. Reference to a website: 
Cancer Research UK, 1975. Cancer statistics reports for the UK. 
http://www.cancerresearchuk.org/ 
aboutcancer/statistics/cancerstatsreport/ (accessed 13.03.03). Reference to a dataset: 
[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for 
Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, v1. 
http://dx.doi.org/10.17632/ xwj98nb39r.1. 
 
References ‘‘in press’’ (accepted for publication) shall be cited with the expected year of 
publication and with the remark ‘‘(in press)’’ following the name of the journal. Names of 
persons who provide unpublished information should have their initials included in the 
text, e.g. (W.F. Miller, pers. comm. 
1967 [for information obtained orally]) or (J.J. Jacobs, in lit. 1993) [for information 
obtained in writing]). List references alphabetically by author(s) name(s). Do not italicize 
words in references other than genus group and species group names. Journal names 
should be not abbreviated. 
 
Journal abbreviations source 
Journal names should be abbreviated according to the List of Title Word Abbreviations. 
 
Video 
Elsevier accepts video material and animation sequences to support and enhance your 
scientific research. Authors who have video or animation files that they wish to submit 
with their article are strongly encouraged to include links to these within the body of the 
article. This can be done in the same way as a figure or table by referring to the video or 
animation content and noting in the body text where it should be placed. All submitted 
files should be properly labeled so that they directly relate to the video file's content. In 
order to ensure that your video or animation material is directly usable, please provide the 
files in one of our recommended file formats with a preferred maximum size of 150 MB. 
Video and animation files supplied will be published online in the electronic version of your 
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with your 
files: you can choose any frame from the video or animation or make a separate image. 
These will be used instead of standard icons and will personalize the link to your video data. 
For more detailed instructions please visit our video instruction pages. Note: since video 
and animation cannot be embedded in the print version of the journal, please provide text 




Supplementary material such as applications, images and sound clips, can be published 
with your article to enhance it. Submitted supplementary items are published exactly as 
they are received (Excel or PowerPoint files will appear as such online). Please submit your 
material together with the article and supply a concise, descriptive caption for each 
supplementary file. If you wish to make changes to supplementary material during any 
stage of the process, please make sure to provide an updated file. Do not annotate any 
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corrections on a previous version. Please switch off the 'Track Changes' option in 
Microsoft Office files as these will appear in the published version. 
 
RESEARCH DATA 
This journal encourages and enables you to share data that supports your research 
publication where appropriate, and enables you to interlink the data with your published 
articles. Research data refers to the results of observations or experimentation that 
validate research findings. To facilitate reproducibility and data reuse, this journal also 
encourages you to share your software, code, models, algorithms, protocols, methods and 
other useful materials related to the project. 
 
Below are a number of ways in which you can associate data with your article or make a 
statement about the availability of your data when submitting your manuscript. If you are 
sharing data in one of these ways, you are encouraged to cite the data in your manuscript 
and reference list. Please refer to the "References" section for more information about data 
citation. For more information on depositing, sharing and using research data and other 
relevant research materials, visit the research data page. 
Data linking 
If you have made your research data available in a data repository, you can link your article 
directly to the dataset. Elsevier collaborates with a number of repositories to link articles 
on ScienceDirect with relevant repositories, giving readers access to underlying data that 
give them a better understanding of the research described. 
 
There are different ways to link your datasets to your article. When available, you can 
directly link your dataset to your article by providing the relevant information in the 
submission system. For more information, visit the database linking page. 
 
For supported data repositories a repository banner will automatically appear next to your 
published article on ScienceDirect. 
 
In addition, you can link to relevant data or entities through identifiers within the 
text of your manuscript, using the following format: Database: xxxx (e.g., TAIR: 
AT1G01020; CCDC: 734053; PDB: 1XFN). 
 
ARTICLE ENRICHMENTS Interactive Phylogenetic Trees 
You can enrich your online articles by providing phylogenetic tree data files (optional) in 
Newick or NeXML format, which will be visualized using the interactive tree viewer 
embedded within the online article. Using the viewer it will be possible to zoom into 
certain tree areas, change the tree layout, search within the tree, and collapse/expand 
tree nodes and branches. Submitted tree files will also be available for downloading from 
your online article on ScienceDirect. Each tree must be contained in an individual data file 
before being uploaded separately to the online submission system, via the 
'phylogenetic tree data' submission category. Newick files must have the extension .new or 
.nwk (note that a semicolon is needed to end the tree). Please do not enclose comments in 
Newick files and also delete any artificial line breaks within the tree data because these 
will stop the tree from showing. For NeXML, the file extension should be .xml. Please do 
not enclose comments in the file. Tree data submitted with other file extensions will not 
be processed. Please make sure that you validate your Newick/NeXML files prior to 
submission. More information. 
 
3D models 
You can enrich your online articles by providing 3D models (optional) in PLY, OBJ or U3D 
format, which will be visualized using the interactive viewer next to the article. Each 3D 
model will have to be zipped and uploaded to the online submission system via the '3D 
models' submission category. Please be advised that the recommended model size 
before zipping is maximum 150 MB. Multiple models can be submitted. Please provide a 
short informative description for each model by filling in the 'Description' field when 
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uploading a dataset. Note: all datasets will be available for download from the online article 
on ScienceDirect. If you have concerns about your data being downloadable, please 
provide a video instead. More information on OBJ and PLY models or U3D models. 
 
3D neuroimaging 
You can enrich your online articles by providing 3D neuroimaging data in NIfTI 
format. This will be visualized for readers using the interactive viewer embedded within 
your article, and will enable them to: browse through available neuroimaging datasets; 
zoom, rotate and pan the 3D brain reconstruction; cut through the volume; change 
opacity and color mapping; switch between 3D and 
2D projected views; and download the data. The viewer supports both single (.nii) and 
dual (.hdr and .img) NIfTI file formats. Recommended size of a single uncompressed 
dataset is maximum 150 
MB. Multiple datasets can be submitted. Each dataset will have to be zipped and 
uploaded to the online submission system via the '3D neuroimaging data' submission 
category. Please provide a short informative description for each dataset by filling in the 
'Description' field when uploading a dataset. Note: all datasets will be available for 
downloading from the online article on ScienceDirect. If you have concerns about your 
data being downloadable, please provide a video instead. More information. 
 
Scientific names If taxon names are listed in the title, their systematic position must be 
indicated (e.g. Lepidoptera: Zygaenidae). If only family group level taxa are treated, the 
name of the respective order is required. Binomial taxon names in the title should be 
accompanied by author and date of publication. The first mention of a genus group 
and/or species group name in the text should appear as the full scientific name, complete 
with author and date (e.g. Oulema (Oulema) melanopus (Linnaeus, 1758)). Thereafter, a 
binomial name should be abbreviated with the first letter of the generic name, 
accompanied by the abbreviation of the sub generic name, if necessary (e.g. O. (O.) 
melanopus). Do not use a species group name without the corresponding genus or its 
initial. All genus and species group names have to be formatted in italics. The authorities 
of species names should be fully cited in the References, as are textual references. In 
the case of large taxonomic revisions containing many authority references, please alert 
the Subject Editor at submission stage. Taxonomy Taxonomic information must conform to 
the requirements of the latest International Code of Zoological Nomenclature. Type 
specimens must be designated and type depositories must be clearly indicated for new 
species group taxa and should be deposited in recognized institutions. List names in 
synonymies as follows: Sphinx flaveola Esper, 1786: 229, pl. 36, fi g. 1., and list the 
citation under References (see above). 
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Author Guidelines 
Invertebrate Biology (IB) invites papers describing original, significant 
research focused on understanding any aspect of the biology of 
invertebrate organisms (protozoan and metazoan), including morphology 
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margins of at least 2.5 cm. Please provide full names and addresses for each author, five 
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follow the last page of references. 
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archive the final version of their article. With OnlineOpen, the author, the author's funding 
agency, or the author's institution pays a fee to ensure that the article is made available to 
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funding agency's preferred archive. 
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the same way as any other article. They go through the journal's standard peer-review 
process and will be accepted or rejected based on their own merit. 
Copyright 
If your paper is accepted, the author identified as the formal corresponding author for the 
paper will receive an email prompting them to login into Author Services; where via the Wiley 
Author Licensing Service (WALS) they will be able to complete the license agreement on 
behalf of all authors on the paper. 
 
For authors signing the copyright transfer agreement 
If the OnlineOpen option is not selected, the corresponding author will be presented with the 
copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA can be 
previewed in the samples associated with the Copyright FAQs at 
http://authorservices.wiley.com/bauthor/faqs_copyright.asp 
For authors choosing OnlineOpen 
If the OnlineOpen option is selected, the corresponding author will have a choice of the 
following Creative Commons License Open Access Agreements (OAA): 
Creative Commons Attribution License OAA 
Creative Commons Attribution Non-Commercial License OAA 
Creative Commons Attribution Non-Commercial -NoDerivs License OAA 
To preview the terms and conditions of these open access agreements please visit the 
Copyright FAQs hosted on Wiley Author Services and 
visithttp://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html. If 
you select the OnlineOpen option and your research is funded by The Wellcome Trust and 
members of the Research Councils UK (RCUK), you will be given the opportunity to publish 
your article under a CC-BY license supporting you in complying with Wellcome Trust and 
Research Councils UK requirements. For more information on this policy and the Journal’s 
compliant self-archiving policy please visit: http://www.wiley.com/go/funderstatement. 
 
Citations and references 
Complete data for all published works and theses cited, and only those cited, must be listed 
in References, in alphabetical order; include papers accepted for publication (Baker, in 
press), but not those merely submitted or in preparation. In the text, cite works in 
chronological order: (Smith & Jones 1991; Cook et al. 1992; Anderson 1993a,b). Cite 
unpublished data and manuscripts from one of the authors (Cox, unpubl. data) or other 
individuals (D. E. Fox, pers. comm.) with no entry in References. Consult BIOSIS for journal-
title abbreviations. 
Examples of References style: 
 
Grell KG & Ruthmann A 1991. Placozoa. In: Microscopic Anatomy of Invertebrates, Vol.2. 
Placozoa, Porifera, Cnidaria, and Ctenophora. Harrison FW & Westfall JA, eds., pp. 13–27. 
Wiley-Liss, New York. Klauser MD 1982. An ultrastructural and experimental study of 
locomotion in Trichoplax adhaerens (Placozoa). Masters thesis, Clemson University, 
Clemson, South Carolina. 49 pp. 
Lowenstam HA & Weiner S 1989. On Biomineralization. Oxford University Press, New York. 
324 pp. 
Pearse VB 1989a. Growth and behavior of Trichoplax adhaerens: first record of the phylum 
Placozoa in Hawaii. Pac. Sci. 43: 117–121. 
---- 1989b. Stalking the wild placozoan: biogeography and ecology of Trichoplax in the 
Pacific. (Abstr.) Am. Zool. 29: 175A. 
Illustrations 
Whenever practical, data should be presented in graphs rather than tables. In designing 
tables, figures, and multiple-figure plates, keep in mind that the final page size (print area) is 
41 picas wide (nearly 175 mm or 7 inches) and 54 picas high (230 mm or 9 inches). Figures 
may occupy from half- to full-page width. Details of all figures (graphs, line drawings, 
halftones) must be large enough (at least 1.5 mm high), to remain clear at final, published 
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size. Include a scale bar in each figure and its value in the figure or the legend; do not use 
expressions of magnification. Illustrations should be submitted as electronic files at the 
appropriate resolution and the size intended for publication. Color images should be 
submitted in CMYK color. For file format, submit line artwork (vector graphics) as 
Encapsulated PostScript (.eps), and halftones or photographic images (bitmap files) as 
Tagged Image File Format (.tif). Minimum acceptable resolution at final, published size is 300 
dpi for color figures, 500 dpi for grayscale images, and 1200 dpi for line art. If a plate 
contains more than one type of art (e.g., line art and grayscale photographic images), the 
entire plate must be submitted at the highest applicable resolution (in this case, 1200 dpi). 
For uploading large files more quickly, LZW compression will reduce file size without 
affecting quality. Further information on preparing electronic figures is available 
at http://authorservices.wiley.com/bauthor/illustration.asp. Figures and tables must be cited in 
the manuscript text in the same order as their numbering (e.g., Fig. 1 should be cited before 
Fig. 2; likewise, Fig. 1A should be cited before Fig. 1B).Authors are encouraged to submit 
additional, unlabeled photographs or drawings to be considered for the issue cover. 
 
Scientific names 
For all species studied, the complete scientific name with taxonomic author and date (e.g., 
Ostrea edulis LINNAEUS 1758) should be given either at the first mention in the text of the 
paper or in the Methods, but not in the title or abstract. Place taxonomic author in small caps, 
to distinguish from citations to reference works. Use the full binomial (Ostrea edulis) at the 
first mention in each section of the paper, and then abbreviate (O. edulis, not Ostrea unless 
referring to the genus). The Latin name of any taxon is capitalized and treated as a singular 
noun, not a plural or an adjective. 
 
Instructions for authors are also available online  
at: www.invertebratebiology.org andwww.wileyonlinelibrary.com/journal//ivb. We encourage 
authors to support the society that publishes Invertebrate Biology, and receive the journal in 
which their manuscript appears, by becoming a member of the American Microscopical 
Society  
(http://www.amicros.org/ or www.wileyonlinelibrary.com/journal//ivb). 
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media. Submission. 
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JMOR uses an online submission system for receiving, reviewing, and accepting 
manuscripts for publication, which enables authors to submit their manuscripts online to 
expedite the peer review process. The online system also enables authors to check the 
status of their manuscripts during the peer review process. 
Use this link to submit your manuscript (https://mc.manuscriptcentral.com/jmor). The 
corresponding author will be instructed to create a user account. Once the account has been 
created, manuscripts are to be submitted through the "Author Center". Follow all instructions 
and complete all required fields. Submit your manuscript and all Figures and Tables as 
separate files. After the manuscript has been successfully submitted, authors will see a 
confirmation screen with the manuscript number and receive an email reply from 
the JMOR editorial office acknowledging receipt of the manuscript. If that does not happen, 
please check your submission and/or contact the editorial office at jmorph@wiley.com. 
IMPORTANT: Text, figures and tables must be submitted as separate files to ensure that the 
submission is successful. 
To avoid possible delay in processing your submission, your files must be submitted in the 
following formats: 
• One .doc or docx file with text and citations 
• Each figure in a separate file in .tif or .eps format 
• Tables should either be all in one .doc or .docx file, or in separate .doc or .docx files 
• Number all pages in sequence beginning with the title page, placing the first author's 
surname and the page number in the upper right hand corner of each page. 
• Double space and use 12 point font size. 
 
See the Miscellaneous section of this document for format 
restrictions/guidelines. JMOR uses a plagiarism detection system. By submitting your 
manuscript to us, you agree that your manuscript will be screened for plagiarism against 
previously published works. 
All submitted manuscripts must be original and must not have been published previously 
either in whole or in part, except in abstract form; manuscripts published previously in 
another language may not be submitted. Also, manuscripts submitted to us must not be 
under consideration by any other journal. 
Be sure to keep an electronic copy that is identical to the version that you submitted online. If 
you have any questions on the submission process please email the editorial office 
at jmorph@wiley.com. 
Manuscripts must be submitted in English (American style), and must be double-spaced with 
no less than 12 cpi font and 3-cm margins throughout. If you are not a native English 
speaker, we strongly recommend that you have your manuscript professionally edited before 
submission. Professional editing will help reviewers better assess your manuscript. Please 
see Wiley Author services for recommendations. 
 
Conflict of interest. 
JMOR requires all authors to disclose any potential sources of conflict of interest. Any 
interest or relationship, financial or otherwise, which might be perceived as influencing an 
author's objectivity, is considered a potential source of conflict of interest. These must be 
disclosed when directly relevant or indirectly related to the work that the authors describe in 
their manuscript. Potential sources of conflict of interest include but are not limited to patent 
or stock ownership, membership of a company board of directors, membership of an 
advisory board or committee for a company, and consultancy for or receipt of speaker's fees 
from a company. The existence of a conflict of interest does not preclude publication in this 
journal. If the authors have no conflict of interest to declare, they must also state this at 
submission. It is the responsibility of the corresponding author to review this policy with all 
authors and to collectively list in the cover letter (if applicable) to the Editor-in-Chief, in the 
manuscript (in the footnotes, Conflict of Interest or Acknowledgements section), and in the 
online submission system ALL pertinent commercial and other relationships. 
Publication ethics. 




The Journal of Morphology abides by Wiley's ethics guidelines and by the guidelines 
produced by the Committee on Publication Ethics. Please contact the editorial office with any 
questions on ethics or authorship. To avoid potential conflicts among authors, multiple-author 
papers should include a statement about the contribution by each individual author. 
 
Reviewing. The Journal of Morphology practices a single blinded reviewing system. All 
suitable manuscripts are sent out to at least two expert reviewers. All reviewers receive a 
standardized questionnaire, and we ask our reviewers to return their evaluations within two 
weeks. While reviewers remain anonymous to the authors, the reviewers are committed to 
keeping all communications regarding the manuscript, its contents, and the review 
confidential. Again, we refer to COPE and its guidelines for reviewers. The Journal of 
Morphology protects the confidentiality of peer-review and does not allow the revealing of 
any details of manuscripts prior to publication, and does not allow the revealing of any details 
of manuscript reviews during or after the peer-review process.  
 
Manuscript Preparation. Manuscripts should be divided into the major divisions given below 
in the order indicated. 
Title Page. 
The first page of the manuscript should include the complete title of the paper; the names of 
authors and their affiliations; a short title (not more than 40 characters including spaces); and 
name, postal address, E-mail address, and phone number of person to whom editorial 
correspondence, page proofs, and reprint requests should be sent. 
Abstract. 
The abstract must be a factual condensation of the entire work, including a statement of its 
purpose, a succinct statement of research design, a clear description of the most important 
results, and a concise presentation of the conclusions. Abstracts should not exceed 300 
words. Three to six key words for use in indexing should be listed immediately below the 
abstract. The abstract and keywords are important to help interested colleagues find your 
research when using search engines. See our guidelines on optimizing your article for 
maximum discoverability with helpful suggestions about writing abstract and defining 
keywords. 
Graphical Abstract Text are the most important findings and/or conclusions of the article (or 
review), stated concisely. Graphical Abstract Text will be displayed online immediately below 
the article's title (they will not appear in the printed version of the paper).The text should 
consist of 2 to 3 short sentences and should not exceed 250 characters (including spaces). 
These are required for all papers published in the journal, and must be submitted at the 
time of the manuscript submission in ScholarOne. 
Graphical Abstract. The graphical abstract provides readers with a visual representation of 
the conclusions and an efficient way to appreciate the key finding and main message of the 
work. This feature is part of the online article format and will appear in the online Table of 
Contents of each issue of the journal but will not appear in the printed version of the paper. 
Please upload an illustration describing the context and significance of the findings for the 
broader journal readership to attract the attention of non-specialists. The image should be a 
single image not containing multiple panels. It is meant to represent one key aspect of the 
results. To prepare the image, select an image or graphic that is easy to read and as much 
as possible devoid of cluttering items, conveying clear, non-speculative, visual information 
about the biological context of the findings. Labels, while useful, must be kept to a minimum. 
The image should be provided in one of the following height and width configurations: 400 x 
300 pixel, 300 x 400 pixel, or 400 x 400 pixel, and at a maximal resolution of 72 dpi. Please 
use Arial or Helvetica font with a size of 10–12 points; preferred file types are EPS and TIFF. 
The Graphical Abstract is mandatory for all papers published in the journal. When 
uploading, please designate the image as Graphical Abstract Image in ScholarOne 
Manuscripts. Please name the figure “graphical abstract image” and the text “graphical 
abstract text”. 
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Text. The body of Research Articles must be organized into the following sections: Abstract, 
Introduction, Material and Methods, Results, Discussion, Author contributions and 
Acknowledgments. Science must be fully reproducible. Therefore, the Material and 
Methods section must include explicit statements about the species studied (including the 
taxonomic author), number of individual animals studied, sample sizes for each method / 
experiment used, as well as the dates and location of the study. We do not publish studies 
based on an inappropriate sample size. Origin of material, specimen numbers, and the 
depository of the material studied must be made explicit. The Materials and Methods section 
must also include a statement that all aspects of the research complied with protocols 
approved by the appropriate institutional animal care committee and adhered to the legal 
requirements of the country in which the research was conducted (protocol / permit numbers 
shall be given.) Journal of Morphology supports the Research Resource Identifiers (RRIDs) 
initiative. To obtain specific identifiers for your antibodies, model animal strains, etc. go to 
the Resource Identification Portal and obtain the RRID. 
Data deposition policy: One of the key principles in scientific publishing is that any scientific 
study must be fully reproducible for anybody who is interested and has the abilities to do so. 
Therefore, all material must be disclosed and made accessible to the scientific community so 
that the study can be redone and tested. With the emerging new methods of data production, 
digital imaging and large image series (image stacks), new policies for securing accessibility 
to data must be developed. – Also, the general perception of science, scientific results and 
accessibility of scientific data for the broad public, changes rapidly and data sharing for the 
mutual benefit of everybody, data creators, researchers and the interested public, becomes 
an explicit ethical request. Therefore, we encourage our authors to deposit original data in a 
community-recognized data repository and providing an explicit link in their publication. 
 
Results. 
The Results section must include the essential values from all statistical tests cited to support 
statements regarding findings, in addition to summarizing key data using tables and figures 
where possible. Please do not duplicate data in text and tables. Measurements should be 
given in metric units and abbreviated according to the American Institute for Biological 
Sciences’ Style Manual for Biological Journals. Review Articles may deviate from this style 




List all sources in the reference list alphabetically by name. In text citations should follow the 
author-date method. This means that the author's last name and the year of publication for 
the source should appear in the text, for example, (Jones 1998), and a complete reference 
should appear in the reference list at the end of the paper. 
References are styled according to the sixth edition of the Publication Manual of the 
American Psychological Association. A sample of the most common entries in reference lists 
appears below. Please note that for journal articles, issue numbers are not included unless 
each issue in the volume begins with page one. 
Journal article: 
Phelps, L. (1996). Discriminative validity of the WRAML with ADHD and LD children. 
Psychology in the Schools, 33, 5-12. 
Book edition: 
Bradley-Johnson, S. (1994). Psychoeducational assessment of students who are visually 
impaired or blind: Infancy through high school (2nd ed.). Austin, TEX: Pro-ed. 
References should refer only to material listed within the text. 
Tables. 
Tables should be titled and numbered in accordance with the order of their appearance; each 
table should be placed on a separate page. All tables must be cited in the text with 
approximate placement clearly defined. 
 




A descriptive legend must be provided for each figure and must define all abbreviations used 
therein. 
Figures/Illustrations. Each figure should be high-contrast on a separate page with the 
figure number clearly indicated. All color figures will be reproduced in full color in the online 
edition of the journal at no cost to authors. For the printed version free color figures are at 
the editor's discretion. Only figures in which color is necessary for communicating information 
are eligible for free printing. If authors wish to have other figures printed in color they are 
requested to pay the cost of reproducing color figures in print. 
Journal Cover Artwork. Along with their manuscript, authors are welcome to submit an 
original photograph or other artwork that illustrates their research for possible use on the 
cover of the issue in which the article appears. This artwork is submitted with the 
understanding that it has not been published elsewhere, that the author has copyright, and 
that the author grants Wiley-Periodicals permission to publish the photo as a cover image, 




JMOR accepts 3D-interactive models or figures that can be embedded in PDFs. 
See http://onlinelibrary.wiley.com/doi/10.1002/jemt.20618/pdf for examples  
and http://onlinelibrary.wiley.com/journal/10.1002/(ISSN)1097-
4687/homepage/Basic_3D_PDF_Adobe_Acrobat_9_Pro.pdf for basic instructions. Authors 
are responsible for 3D-image assembly. Each 3D-image should be submitted in an individual 
PDF file, and for each 3D-image the author must also provide a normal figure in TIF format. 
The TIF figure will appear in the print version and will also serve to activate the 3D-
functionality in the online version. Please indicate any 3D-figures in your cover letter during 
the submission process to ensure appropriate handling. 
 
Additional Guidelines for Manuscript Preparation 
Text 
Text files, including tables, appendices and literature citations, must be in Microsoft Word or 
rtf format. 
Figures/Illustrations 
Software and format. The recommended format for all illustration files is TIFF or TIF. JPG 
and JPEG format will not be accepted. EPS (with preview) is acceptable but not 
recommended. Do not submit native application formats. 
Resolution. Journal quality reproduction will require greyscale and color files at resolutions 
yielding approximately 300 ppi. Bitmapped line art should be submitted at resolutions yielding 
600-1200 ppi. These resolutions refer to the output size of the file; if you anticipate that your 
images will be enlarged or reduced, resolutions should be adjusted accordingly. 
File names. Illustration files should be given the 2- or 3-letter extension that identifies the file 
format used (i.e., .tif, .eps). 
 
Miscellaneous 
The Editor and Publisher reserve the right to return to the author for revision manuscripts and 
illustrations that are not in proper finished form. 
Copyright Transfer Agreement (CTA) 
If your paper is accepted, the author identified as the formal corresponding author for the 
paper will receive an email prompting them to login into Author Services; where via the Wiley 
Author Licensing Service (WALS) they will be able to complete the license agreement on 
behalf of all authors on the paper. 
For authors signing the copyright transfer agreement 
If the OnlineOpen option is not selected the corresponding author will be presented with the 
copyright transfer agreement (CTA) to sign. The terms and conditions of the CTA can be 
previewed in the samples associated with the Copyright FAQs below: 
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CTA Terms and Conditions http://authorservices.wiley.com/bauthor/faqs_copyright.asp 
For authors choosing OnlineOpen 
If the OnlineOpen option is selected the corresponding author will have a choice of the 
following Creative Commons License Open Access Agreements (OAA): 
Creative Commons Attribution License OAA 
Creative Commons Attribution Non-Commercial License OAA 
Creative Commons Attribution Non-Commercial -NoDerivs License OAA 
To preview the terms and conditions of these open access agreements please visit the 
Copyright FAQs hosted on Wiley Author 
Services http://authorservices.wiley.com/bauthor/faqs_copyright.aspand  
visit http://www.wileyopenaccess.com/details/content/12f25db4c87/Copyright--License.html. 
If you select the OnlineOpen option and your research is funded by The Wellcome Trust and 
members of the Research Councils UK (RCUK) you will be given the opportunity to publish 
your article under a CC-BY license supporting you in complying with Wellcome Trust and 
Research Councils UK requirements. For more information on this policy and the Journal’s 
compliant self-archiving policy please visit: http://www.wiley.com/go/funderstatement. 
 
Proofs. 
A set of page and illustration proofs will be sent to the author via email from the publisher. All 
corrections should be clearly marked. 
Reprints. 
Reprints may be purchased 
at https://caesar.sheridan.com/reprints/redir.php?pub=10089&acro=jmor. 
The Journal of Morphology provides free access to your article for 10 of your colleagues; 
each author of a paper may nominate up to 10 colleagues. This feature is retrospective—
even articles already published offer this feature for free colleague access. Contact your 
production editor after acceptance for details. 
 
Supporting Information. 
Authors are encouraged to submit supporting information that could aid readers in 
understanding the authors' findings and where appropriate to ensure that the page limits are 
met. Supporting information for articles published in the Journal of Morphology will be 
available in the online version of the journal. This accompanying information may include (but 
is not limited to) figures, tables, video clips, large sections of movies (QuickTime or mpeg), 
data sets, program code, and electronic graphical files. Supporting information must be 
submitted at the time of peer review, although the reviewers and editors may also suggest 
that figures or table(s) be provided as supporting information during the review process. 
Each piece of supporting information should be referenced within the text. Supporting 
information should be numbered in order, but independently of figures in the main article, e.g. 
S- Figure 1 would indicate a figure that follows Figure 1 in the main text. Please note that 
supporting information is NOT edited by the publisher after final acceptance by the editors, 
and is posted online in the format in which it is supplied. 
Self-Archiving Policy. Authors of articles published in Wiley journals are permitted to self-
archive the submitted (preprint) version of the article at any time, and may self-archive the 
accepted (peer-reviewed) version after an embargo period. Please visit our Self-Archiving 
Policy page for details or refer to your Copyright Transfer Agreement. 
